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Parton Distribution Function
ÅDefined on the lightcone coordinate ‚

where ρ ὼ ρand

Åήὼȟ‘ ή ὼȟ‘ for ὼ π

Åήὼȟ‘ has intrinsic real-time dependence, inaccessible on the lattice.

ÅOnly moments can be calculated on the lattice [1-4].
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Quasi-PDF
ÅDefined by an equal-time correlator [1]

where Њ ὼ Њ, ɜ ‎or ‎ [2], and

Åή has the same IR but different UV physics comparing with PDF ή.

ÅThe UV difference is controllable and calculable 
ᴼfactorization theorem
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Large Momentum ET (LaMET)
ÅRelating parton physics observables to equal-time correlators in a large 
momentum nucleon state (quasi-observables).

ÅPDF: ὖᴼЊ, then ɤᴼЊ

ÅQuasi-PDF: ɤᴼЊ, then ὖᴼЊ

ÅThe two limits do not commute.

ÅThe factorization theorem in RI/MOM scheme [1-7]
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Lattice Calculation [1]
ÅLattice space Á πȢπ6 fm

ÅBox size τψ ωφὒ ςȢωÆÍ

Åά σρπMeV (ά ὒ τȢυ)

ÅThe nucleon momentum ὖ ρȢχȟςȢρυȟςȢφGeV

Åclover valence fermions, gauge configurations with ὔ ς ρ ρ
flavors of highly improved staggered quarks (HISQ) [2] generated by 
MILC Collaboration [3]

Åthe gauge links are hypercubic (HYP)-smeared [4]

ÅUnpolarized isovectorPDF: ή ὼ
όὼ Ὠὼ ὼ π

ό ὼ ӶὨ ὼ ὼ π
[1] Y. S. Liu, J. W. Chen, L. Jin, H. W. Lin, Y. B. Yang, J. H. Zhang and Y. Zhao, (2018), arXiv:1807.06566 [hep-lat].
[2] E. Follana, Q. Mason, C. Davies, K. Hornbostel, G. P. Lepage, J. Shigemitsu, H. Trottier, and K. Wong (HPQCD, UKQCD), 

Phys. Rev. D75, 054502 (2007), arXiv:hep-lat/0610092 [hep-lat].
[3] A. Bazavovet al. (MILC), Phys. Rev. D87, 054505 (2013), arXiv:1212.4768 [hep-lat].
[4] A. Hasenfratzand F. Knechtli, Phys. Rev. D64, 034504 (2001), arXiv:hep-lat/0103029 [hep-lat].



6/20

Operator Mixing
ÅThe quasi-PDF operator might mix with the scalar operator (ɜ ρ) for 
some choice of ɜ[1-4].

ÅTo avoid operator mixing, we choose ɜ ‎which is free from such 
mixing at ַײὥ .

ÅThe nonlocal operator mixing pattern is classified in [5].
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Bare M.E.
ÅThe bare matrix element

ÅBlue, red, green data correspond
to ὖ 1.7, 2.15, 2.6 GeV.

ÅFive source-sink separations:
0.60, 0.72, 0.84,0.96, 1.08 fm

ÅGround state extraction [1] from
left to right: all, largest 4, 3 ὸ .
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Renormalization
ÅLinear divergence of quark quasi-PDF [1] can be renormalized by Wilson 
line self-energy [2-7]

ÅMultiplicative renormalizability to all order in coordinate space [8,9]

ÅNonperturbative renormalization [10-12] in RI/MOM scheme [13]

ÅMatching between RI/MOM quasi-PDF and -3PDF [14,15].
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RI/MOM Scheme
ÅThe quantum corrections of quasi-PDF matrix element in an off-shell 
quark state vanish at a given momentum

ÅThe subtraction point is specified by two scales ‘ and ὴ .

ÅThe RI/MOM quasi-PDF is obtained by

where                                                             is the bare matrix element.
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Renormalization Constant
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Renormalized M.E.
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Fourier Transformation
ÅRegular FT:

ÅDerivative method [1]:

ÅEquivalent to set Ὤ ᾀ Ὤ ᾀ if ᾀ ᾀ .

Å‬Ὤ ᾀ is consistent with zero for ᾀ ρυὥand we take ᾀ ςπὥ.
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FT with Derivative Method

arXiv:1807.06566



14/20

Matching
ÅFactorization

ÅMatching coefficient

ÅThe generalized plus function
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Matching in Landau Gauge [1]
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